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(54) Microscope with aligning function 



(57) A light-scattering optical system is incorporated 
in an AFM instrument for a large sample. The instrument 
is equipped with an optical microscope. Incident light is 
introduced into the optical microscope to provide a dark 
field The incident angle to the surface of a sample is 
made variable. The incident light is introduced into the 
main enclosure of the AFM through two optical fibers. 
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Light reflected from the surface of the sample is received 
by a detector split into two parts. The dark field micro- 
scope is automatically brought to focus in response to 
signals from the detector. The whole apparatus is en- 
closed in a sound-insulating dark box to enhance the 
S/N during detection of scattered light. 
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Description 



Generally, the present invention relates to a meas- 
uring instrument and, more particularly, to a scanning 
probe micro-scope with aligning function, the scanning 
probe microscope acting to detect the position of a cer- 
tain foreign substance, crystal defect, or the like on a 
sample and to measure the shape at a subnanometer 
resolution. 

Foreign matter-inspecting apparatuses using opti- 
cal methods are available as instruments for inspecting 
foreign matter on a sample (generally, a wafer). Exam- 
ples include WIS9000 manufactured by ESTEK Corpo- 
ration and Surfscan 6200 manufactured by Tencor Cor- 
poration. Any of these instruments produces output sig- 
nals indicating the size of the foreign matter and the po- 
sition, or coordinates. 

The prior art method of analysing the shape of a 
foreign substance and making an elemental analysis of 
it is implemented by an apparatus which receives coor- 
dinates from the aforementioned foreign matter-inspect- 
ing apparatus, analyses the shape of the foreign sub- 
stance, and makes an elemental analysis of it with a 
scanning electron microscope (SEM) or the like. Exam- 
ples of this apparatus include SAI9600 manufactured by 
Seiko Electronic Industries Corporation. Linkage of co- 
ordinates between the foreign matter-inspecting appa- 
ratus and the SEM is described in Patent Laid-Open No 
174644/1994 

Furthermore, an atomic force microscope or micro- 
scopy (AFM) has been proposed as an instrument ca- 
pable of observing a sample at an atomic resolution. 
This AFM is disclosed, for example, in Patent Laid-Open 
No. 130202/1 987. A method of aligning the probe of an 
AFM with the optical axis of an optical microscope is de- 
scribed in Patent Laid-Open No. 40356/1991. With this 
method, the distance (x A ) between the probe and the 
optical axis of the optical microscope can be easily cal- 
culated. The AFM is equipped with a cantilever having 
a sharp protruding portion (probe) at its free end. When 
the probe is brought closer to the sample, the free end 
of the cantilever is displaced by the interaction (atomic 
force) exerted between the atoms at the front end of the 
probe and the atoms on the surface of the sample. The 
probe is scanned along the surface of the sample while 
measuring the displacement of the free end electrically 
or optically. In this way, three-dimensional information 
about the sample is obtained. For example, if the probe 
is scanned while controlling the distance between the 
probe and the sample in such a way that the displace- 
ment of the free end of the cantilever is kept constant, 
then.the front end of the probe moves along the topog- 
raphy of the sample surface. Consequently, a three-di- 
mensional image representing the surface topography 
of the sample can be obtained from the information 
about the position of the front end of the probe. 

When a foreign substance is observed with an SEM, 
if the diameter of the foreign substance is less than 0.1 



Mm, or if the height of the foreign substance is as low as 
several nanometers, then it is difficult to detect the for- 
eign substance with the SEM. Especially, an element of 
the same species, e.g., a silicon foreign substance on 
s a silicon wafer, is very difficult to observe with the SEM. 
Furthermore, it is difficult for the SEM to discern whether 
the foreign matter on the wafer is convex or concave. 
Where the coordinates are linked to the foreign matter- 
inspecting apparatus, the aligning accuracy is normally 
10 on the order of ± 100 um The possibility that a foreign 
substance of the order of 0.1 pjn is detected in a short 
time is very low. 

On the other hand, the AFM makes a mechanical 
scan and so the scanning velocity is low Furthermore, 
is the maximum field of view is as narrow as 100 um. 
Therefore, the possibility that a foreign substance of the 
order of 0.1 u.m is detected is low, in the same way as 
in SEM. Since the problems described above occur, it 
is an object of the invention to solve these problems. 
20 This invention provides a scanning probe micro- 
scope with aligning function, comprising an xyz-stage 
on which a sample is placed and which moves said sam- 
ple; an atomic force microscope (AFM) equipped with a 
cantilever having a probe at its free end, the probe being 
25 scanned along a surface of said sample for measuring 
topography of said sample; an optical microscope 
adapted to observe said sample surface; and a light-il- 
luminating portion for illuminating said sample surface 
from an oblique direction, and characterised in that 
30 said optical microscope has an optical axis (a.,) 

spaced a given distance (x^ from said cantilever and is 
located in a dark field portion for light emitted by said 
light-illuminating portion, and in that an angle of said in- 
cident light with said sample surface or direction of said 
35 optical microscope can be varied at will. 

In order to solve the foregoing problems, the 
present invention uses an AFM capable of measuring 
three-dimensional shape at a high resolution as a 
shape-observing apparatus instead of an SEM. 
40 Fig. 1 is a view illustrating the function of the present 
invention. The apparatus has a light-scattering optical 
system which is composed of a laser light source 1 5 act- 
ing as an incident light source, an optical microscope 7, 
and a high-sensitivity image detector 8. A sample 1 is 
45 placed on a stage 4. The distance between the optical 
axis a n of the optical microscope 7 and the front end a 2 
of the cantilever 3 of an AFM instrument 2 is known. Af- 
ter observing foreign substance 0 with the optical micro- 
scope 7, it is made to move the distance x r Thus, it is 
50 easy to measure the shape of the foreign substance 0 
with the AFM instrument 2. The AFM instrument is of 
the lever scanning type, i.e., the cantilever 3 scans the 
sample surface. 

Light directed to the sample 1 from the light source 
55 1 5 is scattered by the foreign substance 0. An image of 
the scattered light is detected by the optical microscope 
7 and the high sensitivity image detector 8. This scat- 
tered light image generating portion is brought just un- 
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der the optical axis a, by moving the stage 4. Then, the 
stage 4 is again caused to move the distance x v The 
foreign substance 0 is brought just under the cant.lever 
3 Then the AFM instrument 2 measures the shape. 

Embodiments employing the invention will now be 
described, by way of example only, with reference to the 
accompanying diagrammatic figures, in which; 

Fig 1 is a view showing functions. 

Fig 2 is a view showing the structure of a light-scat- 
tering optical system in which optical fibres are used. 

Fig. 3 is a view schematically showing foreign sub- 
stanc8S 

Fig 4 is a view showing the structure of a light-scat- 
tering optical system, illustrating the present example 

Fig 5 is a view showing the structure of a light-scat- 
tering optical system, illustrating the present example 

Fig 6 is a view showing the structure of a light-scat- 
tering optical system, illustrating the present example. 

Fig 7 is a view showing the structure of a light-scat- 
tering optical system, illustrating the present example. 

Fig. 8 is a schematic diagram showing the dark field 
automatic focusing. 

Fig. 9 is a schematic view showing an image ana- 

ly$e Fig. 1 0 is a diagram showing an example of an AFM 
instrument. 

The light-scattering optical system is particularly 
shown in Fig. 2. In order to detect the position, or coor- 
dinates, of the foreign substance 0 on the wafer 1 , inci- 
dent light rays 3f a and 31b are introduced into a fibre 
12 from a 50 W-class Ar laser 15 via a coupler 14. The 
light rays are directed to a region of about 1 mm 2 via an 
optical path-switching device 13 and via respective fi- 
bres 12a and 12b and illuminating lenses 11a and 11b. 
This region is located just under the optical microscope. 
At this time, light is delivered from only one of the illu- 
minating lenses 11a and 11b by switching of the optical 
path-switching device 13. Since the optical system as- 
sumes a dark field structure, if the foreign substance 0 
is absent, only regularly reflected light 32a or 32b oc- 
curs scattered light 33 is not produced. On the other 
hand if the foreign substance 0 exists, the scattered 
light 33 is produced and observed as a bright spot on 
an image display device 10, for example a cathode ray 
tube (CRT), via all of the optical microscope 7, a high- 
sensitivity image detector 8, for example a CCD camera, 
and a high-sensitivity image detector controller 9. 

First the magnification of the objective lens 19 of 
the optical microscope 7 is set to 5 x. The field of view 
is set to about 2 mm. After detecting the bright spot at- 
tributed to the foreign substance 0, the magnification is 
set to 50 x, and the field of view is set to about 200 pm. 
The bright spot is precisely brought into the centre of the 
optical axis. Then, the stage is caused to move the 
known amount x, as described above, and the AFM 
makes a measurement. 

In this way, the magnification of the objective lens 
is changed. The observed field is switched from a wide 



field of view to a narrow field of view. Therefore, even if 
deviation of coordinates of more than about ± 100 M ex- 
ists, foreign matter can be easily discovered. 

The accuracy of the alignment is described. Where 
s the coordinates are linked to the foreign matter-inspect- 
ing apparatus as described above, the aligning accura- 
cy is on the order of ± 100 urn. 

The region irradiated with the incident light is about 

10 1 m When an objective lens of 50 x is used, the field of 
view of the optical microscope 7 is about 200 urn square. 
In other words, a square 200 urn on a side. The number 
of pixels of the high-sensitivity image detector 8 is 10^ 
The image resolution of the detection system is 200 
is um/103 = o 2 urn In practice, however, because of the 
diffraction limit ol the objective lens, the resolution is ap- 
proximately 0.3 pm. 

Therefore, with this light-scattering optical system, 
foreign matter can be detected at a positional accuracy 
so of about 0.3 urn. The accuracy ol movement of the stage 
is about ± 2 urn. Consequently, if the AFM instrument 2 
scans an image with a field of view of about 5 pm square 
foreign matter of the order of 0.1 pm can be detected I 
this light-scattering system is incorporated in the AFM 
25 instrument 2, heat and vibration generated by the gas 
laser 15 varies the positional relation and interacting 
force between the probe and the sample. This impedes 
stable operation of the AFM. Accordingly, the gas laser 
15 and the coupler 14 are incorporated in a separate 
30 enclosure 20 indicated by the broken line in Fig. 2. Inci- 
dent light is introduced into the AFM instrument through 
optical fibers 12a and 12b. 

A method of making a decision regarding uneven- 
ness of foreign matter, using optical means, is described 
35 next This method is effected by measuring the light 
scattered by the foreign matter 0 while varying the angle 
of light incident on the sample 1 

In Fig 3A and 3B, a concave foreign substance 01 
and convex foreign substance 02 are located on a sam- 
40 pie 1 Laser light 31 is directed to these foreign sub- 
stances tangential to the sample surface 1 in Fig. 3A 
and vertical to it in Fig. 3B. Laser light cross sections 
L1-L4 used for the scattering when the laser light 31 is 
scattered by the foreign substances are shown. The 
45 concave foreign substance 01 and the convex foreign 
substance 02 have the same radius of a. First, the case 
shown in Fig. 3A in which the laser light 31 is made to 
enter tangential to the sample surface 1 (i.e., the inci- 
dent angle is large) is discussed. 
so The laser light 31 cannot sufficiently enter the con- 
cave foreign substance 01 and so the laser light cross 
section L1 is less than n^. On the other hand, with re- 
spect to the convex foreign substance 02, the sample 1 
is shadowed by the convex foreign substance and, 
ss therefore, the laser light cross section L2 is as large as 
about 27ta2 | n consequence, where the laser light is en- 
tered tangential to the surface of the sample 2, the laser 
light cross section is varied by the difference between 
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the convex and concave portions of the foreign sub- 
stances As a result, the intensity of the scattered light 
is varied greatly. 

The case in which the laser light 31 is entered ver- 
tical to the surface of the sample 1 (i.e., the incident an- s 
gle is small) is discussed next. Since the laser light suf- 
ficiently enters the convex foreign substance 01 , the la- 
ser light cross section L3 is na 2 . Also, for the convex 
foreign substance, the laser light cross section L4 is rca 2 
In this way, where the laser light 31 is entered vertical 10 
to the surface of the sample 1 , the laser light cross sec- 
tion is not varied by the unevenness of the foreign sub- 
stance. Consequently, the intensity of scattered light is 
hardly varied. In view of the results of the discussion 
made thus far, variations of the intensity of the scattered is 
light caused when the incident angle of the light incident 
on uneven foreign matter on the surface of the sample 
1 is varied are now discussed. It can be seen that as the 
incident angle of the laser light incident on the concave 
foreign substance 01 is increased, the intensity of the 20 
scattered light decreases. Conversely, with respect to 
the convex foreign substance, the intensity increases. 
Variations in the intensity of the scattered light 33 ob- 
served with the microscope 7 are measured while var- 
ying the incident angle of the laser light 31 incident on 2s 
the surface of the sample 1 . In this way, it can be known 
whether the foreign substance 0 lying on the surface of 
the sample 1 is concave or convex. 

Fig. 4 shows an optical system assembled to deter- 
mine whether the foreign substance 0 on the surface of 30 
the sample 1 is concave or convex. There are two mi- 
croscopes. An optical microscope 47 is mounted on the 
optical axis of laser light 97 which is incident on the for- 
eign substance at a small incident angle from a laser 
light source 41a. Another optical microscope 48 is 3s 
mounted close to the optical axis of laser light 98 inci- 
dent on the foreign substance at a large incident angle 
from a laser light source 41b. First, the laser light 97 is 
made to illuminate the foreign substance 0 on the sur- 
face of the sample 1 at a small incident angle. The in- 40 
tensity 10 of scattered light entering the optical micro- 
scope 47 is measured. Then, the laser light 98 illumi- 
nates the foreign substrate O at a large incident angle. 
The intensity 11 of scattered light entering the optical mi- 
croscope 48 is measured. The ratio of the measured 1 1 to 45 
10 is taken. It is determined whether the foreign sub- 
stance is convex or concave, depending on whether the 
ratio is greater or less than 1 . That is, if 11/10 is in excess 
of 1 , the evaluated foreign substance is judged to be 
convex. Conversely, if it is less than 1 , the substance is so 
judged to be concave. 

In Fig. 5, scattered light is observed with a single 
microscope instead of the two microscopes shown in 
Fig. 4. The microscope is located on an axis having an 
angle equal to half of the sum of the angle of laser light ss 
incident at a small incident angle and the angle of laser 
light incident at a large incident angle. These laser light 
rays incident at their respective incident angles result in 



their respective scattered light rays over the sample. It 
is assured that these two scattered light rays have sub- 
stantially the same solid angle and the same scattering 
angle. This makes it possible to accurately determine 
whether the foreign substance is concave or convex. 

in Fig. 6, scattered light is observed with a single 
optical microscope 67 and one laser illumination system 
61 A rotating mirror 63 is made to abut against a rotation 
stopper 68 and is installed at thus producing light 
incident at a small incident angle. Light incident at a 
large incident angle is obtained by causing the mirror to 
abut against a rotation stopper 62 and is installed at R>. 

Fig. 7 shows an optical system built, using a half 
mirror 73, to produce the same effect as produced in 
Fig. 6. Fig. 2 shows an optical system constructed, using 
optical fibers 12, 12a and 12b to yield the same effect 
as produced in Fig. 6. The optical path -switching device 
1 3 is used to switch the incident angle. 

A method of automatically focusing the aforemen- 
tioned dark field light-scattering system is described be- 
low. 

Where a mirror surface such as of a wafer is ob- 
served, almost no scattered light is produced in the dark 
field light-scattering system. Therefore, it is difficult to 
focus the microscope. The sequence in which the focus- 
ing operation is performed is described below by refer- 
ring to Fig. 8. 

First, the objective lens is brought to focus, using a 
relatively large foreign substance 0 1 (about 1 urn). Let 
d 0 be the distance d between the objective lens and the 
sample at this time. At this time, a one-axis stage 25 is 
so adjusted that light 32 reflected by the wafer surface 
passes through a slit 22, passes through a mirror 23, 
and uniformly illuminates a position detector 24 split into 
two parts (calibration of the position of the detector). 

Secondly, the xy-stage is moved to a foreign sub- 
stance 0 2 which is actually measured. In order that the 
two parts of the detector 24 be kept uniformly illuminated 
with light during movement, outputs from the two-part 
detector 24 are applied to a differential amplifier 26, and 
the difference signal between the two detectors is ap- 
plied to a stage controller 27, for vertically moving the 
z-stage 4. If the tilt and flexure of the sample are small, 
and if the reflected light 2 is not shifted out of the two- 
part detector 24, the xy-stage may be moved to the for- 
eign substance 0 2 . Then, the z-stage may be controlled 
so that the two parts of the detector 24 are uniformly 
illuminated with light. Let 6, be the distance between the 
objective lens and the foreign substance at this stage. 
Rough adjustment has been described thus far. 

Thirdly, the rough-adjustment loop is disconnected, 
and a fine adjustment is made. For this purpose, the z- 
stage is moved up and down about the over a dis- 
tance of Ad, which varies according to the magnification 
but is about 1 to 20 urn At this time, the z-stage is con- 
trolled in such a way that the distance d between the 
objective lens and the foreign substance is d f when the 
half-value width L of the scattering image of the foreign 
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substance 0 2 obtained through the optical microscope 
7 the high-sensitivity image detector 8, the high-sensi- 
tivity image detector controller 9, and an image analyzer 
21 assumes its minimum value (fine adjustment), thus 
ending the automatic focusing. 

Then, the rough-adjustment loop is again connect- 
ed when movement to another foreign substance 0 3 is 
made. The z-stage is controlled according to signals 
from the two-part detector. 

The detection system is described in detail below. 
CCD camera C2400 series manufactured by Hama- 
matsu Photonics Corporation and using SIT tubes is 
available as the high-sensitivity image detector 8. A 
frame memory incorporated in the high-sens.t.vity im- 
age detector controller 9 and acting to accumulate plural 
frames of image is helpful in enhancing the S/N of feeble 
scattered light from minute foreign matter. Fig. 9A and 
9B illustrate the operation of the image analyzer for find- 
ing the half -value width of the scattered light image from 

foreign matter. 

An image signal sent from the high-sensitivrty im- 
age detector controller 9 is represented by (x s , y,, z u ) and 
is a three-dimensional signal, where x n and y ] are the 
coordinates of the position, and z, is the intensity of scat- 
tered light at that point. Here, an accumulation is per- 
formed in the y-axis direction to find the intensity of scat- 
tered light in the x-axis direction. 



Using the above formula, (Xj, z s ) is found. 
It is to be noted that Xj is a point in the x-axis direction 
and that z s is the intensity of scattered light accumulated 
in the y-direction at this point. The half-value width L is 
found from the relationship between x, and z v 

Fig 10 shows an example of the light-scattering op- 
tical system incorporated in an actual AFM instrument 
for a large sample. 

The apparatus is constructed as follows. An AFM 
scanning system 2 and an optical microscope 7 are 
mounted to a high rigidity arm 6 on a vibration -isolating 
base 5 A detector for an optical image is composed of 
a high-sensitivity CCD detector 8, a controller 9 for the 
detector 8, and an optical image display device (CRT) 
1 0 Laser illuminating systems 1 1 a and 1 1 b are connect- 
ed with a laser light source 15 via optical fibers 12, 12a 
and 1 2b an optical path-switching device (optical switch) 
13, and a coupler 14. 

A light reflection-preventing device 16 for prevent- 
ing scattered light is mounted at the position of regular 
reflection from the sample surface. The light reflection- 
preventing device 1 6 absorbs light incident on it and pre- 
vents reflected light from returning to the sample. A sam- 
ple 1 is placed on an xyz table 4 able to move a distance 
equal to the distance Xl between the cantilever 3 and 
the optical axis of the optical microscope (the automatic 



focusing system is omitted here). The whole apparatus 
is covered by a dark box 17 which also provides sound 
insulation. We have found that the dark box 17 and the 
light reflection-preventing device 16 are useful in en- 
5 hancing the S/N when feeble scattered light from a 
minute foreign substance (less than 0.1 u.m in diameter) 
is measured. 

An air cleaner 18 is mounted to the top of the appa- 
ratus to maintain the cleanliness of the air inside the dark 
10 room below about class 50. This reduces adhesion of 
foreign matter from the apparatus to the sample surface 
during measurement. 

According to the invention, aforeign matter-inspect- 
ing apparatus and an AFM instrument can be easily 
15 linked together in terms of coordinates. Also, the topog- 
raphy of the foreign matter can be readily measured by 
the AFM. Furthermore, concave portions of the foreign 
matter can be distinguished from convex portions by op- 
tical means. This is combined with a dark field automatic 
20 focusing mechanism to enhance the throughout of 
measurements of foreign matter. 

In addition, the gas laser which is a source of heat 
and vibration is separated from the main enclosure. In- 
cident light is introduced through optical fibers. As a re- 
25 suit, noises due to vibration and heat generated de- 
crease Moreover, drift of the image decreases. In con- 
sequence, AFM measurement can be made with high 
reproducibility. 

The aforegoing description has been given by way 
30 of example only and it will be appreciated by a person 
skilled in the art that modifications can be made without 
departing from the scope of the present invention. 



35 Claims 

1 A scanning probe microscope with aligning func- 
tion, comprising an xyz-stage (4) on which a sample 
(1) is placed and which moves said sample; an 
40 atomic force microscope (AFM) (2) equipped with a 
cantilever (3) having a probe at its free end, the 
probe being scanned along a surface of said sam- 
ple for measuring topography of said sample; an 
optical microscope (7) adapted to observe said 
45 sample surface, and light-illuminating portion (11a, 
lib) for illuminating said sample surface from an 
oblique direction, and characterised in that 

said optical microscope has an optical axis 
(a,) spaced a given distance (x^ from said canti- 
so lever and is located in a dark field portion for light 
emitted by said light-illuminating portion, and in that 
an angle of said incident light with said sample sur- 
face or direction of said optical microscope can be 
varied at will. 

55 

2. A scanning probe microscope as claimed in claim 
1, and further characterised in that light emitted 
from said light-illuminating portion is supplied to 
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said light illuminating portion by at least one optical 
fiber (12, 12a, 12b) from a light source (15) which 
is located outside an enclosure (6) that accommo- 
dates said xyz-stage, said AFM instrument, and 
said optical microscope. 

3. A scanning probe microscope as claimed in claim 
1 or claim 2, and further characterised in that there 
are at least two said light-illuminating portions, and 
wherein incidence of light to the optical fibers con- 
nected to said light-illuminating portions is switched 
by switching light from said light source by means 
of an optical path -switching device (13). 

4. A scanning probe microscope as claimed in any 
preceding claim, and further characterised in that 
during focusing of a dark field optical system, light 
reflected from the sample surface is detected by a 
light detector (24) divided into two parts, the dis- 
tance between the sample and focus of the optical 
microscope is roughly adjusted according to varia- 
tions of signal caused by tilt of the sample surface 
and by unevenness of the sample, and then focal 
distance is fine-adjusted according to minimum 
value of half-value width of a scattered light spot. 

5. A scanning probe microscope as claimed in any 
preceding claim, and further characterised in that 
the whole apparatus is put in a dark chamber to 
detect light scattered from the sample with a high 30 
S/N, and wherein there is further provided an optical 
attenuator for attenuating light reflected from the 
sample to prevent light from returning to the sample 
surface. 

35 
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FIG. 1 
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FIG. 3 A 
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FIG. 3 B 




BNSDOCID <EP_ _0715147A2_l_> 



9 



EP 0 715 147 A2 



F I G. 4 




BNSDOCID: <EP 0715147A2_I_> 



10 



EP 0 715 147 A2 



FIG. 6 
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FIG. 9 A 
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(57) A light-scattering optical system is incorporated 
in an AFM instrument for a large sample. The instrument 
is equipped with an optical microscope. Incident hght is 
introduced into the optical microscope to provide a dark 
field The incident angle to the surlace of a sample is 
made variable. The incident light is introduced into the 
main enclosure of the AFM through two optical fibers. 
Light reflectedf rom the surlace of the sample is received 
by a detector split into two parts. The dark field micro- 
scope is automatically brought to focus in response to 
signals from the detector. The whole apparatus is en- 
closed in a sound-insulating dark box to enhance the S/ 
N during detection of scattered light. 
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